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Abstract

Introduction: Cervical cancer is primarily caused by the human papilloma
virus (HPV), which transforms normal cervical cells into cancerous cells that
are highly resistant to radiation and chemotherapy. Induction of apoptosis in
transformed cells is a key strategy in successfully treating HPV-induced cer-
vical cancer. TRAIL (tumor necrosis factor related apoptosis-inducing ligand)
has been shown to selectively induce apoptosis in cancer cells by binding to
death receptors and activating extrinsic pathways for apoptosis. However,
certain cervical cancers—such as the cultured cell line SiHa—are remarkably
resistant to TRAIL. In this study, SiHa cells were sensitized to TRAIL by using
sanguinarine—derived from the plant Sanguinaria Canadensis—which is
known to induce oxidative stress and lead to the upregulation of receptors for
TRAIL. Methods: Cultured SiHa cells were exposed to sub-lethal doses of
sanguinarine in combination with TRAIL. Cell viability changes as well as the
production of reactive oxygen species (ROS) were assessed. The induction of
apoptosis was investigated by assays for caspase activation. Flow cytometry
was performed to analyze expression of death receptors 4/5. Results: Treat-
ment of SiHa cells with a combination of sanguinarine and TRAIL led to a
significant reduction in cell viability. Significant increase in ROS was observed
and caspase activation assays confirmed the induction of apoptosis. Conclu-
sions: The observed synergistic effect of sanguinarine and TRAIL on SiHa
cells is promising for the treatment of cervical, and possibly other,
HPV-induced cancers. Oxidative stress caused by sanguinarine seems to play
a central role in this synergy. The precise link between reactive oxygen species
and the possible upregulation of death receptors needs further investigation.
This knowledge will enable us to devise more effective treatments for those

June 30, 2017


http://www.scirp.org/journal/jct
https://doi.org/10.4236/jct.2017.86053
http://www.scirp.org
https://doi.org/10.4236/jct.2017.86053
http://creativecommons.org/licenses/by/4.0/

E. Romney et al.

who suffer from this devastating disease.
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1. Introduction

An estimated 12,900 women in the United States were diagnosed with cervical
cancer with approximately 4100 deaths in 2015 [1] [2]. Worldwide, cervical
cancer was the fourth most commonly diagnosed cancer in women with an es-
timated 236,000 deaths in 2013 [3]. Despite lowering incidence rates with suc-
cessful screening programs in many developed countries, cervical cancer con-
tinues to remain the second most deadly cancer for young women ages 20 - 39 in
the United States, with minority women having a disproportionately higher in-
cidence and mortality [2].

Human Papilloma Virus (HPV) infection has been detected in over 99.7% of
all cervical cancers and is known to be directly responsible for the transforma-
tion of normal cervical cells [4]. HPV is a double-stranded DNA virus with over
170 types that infect human epithelial cells. HPV strains can be split into
low-risk types which typically cause genital warts, and high-risk types that lead
to cervical cancer. Of the high-risk types, HPV 16 and 18 are the most prevalent,
representing 50% and 20% of cervical cancers respectively [5]. In addition, HPV
16 and 18 strains are being recognized as an important cause of head and neck
cancers. These cancers are highly aggressive and generally resistant to radiation,
chemotherapy and surgical interventions. Although screening and vaccination
have increased both early diagnosis and prevention of cervical cancer, wide-
spread infections combined with poor compliance to preventative recommenda-
tions have necessitated the development of novel chemotherapeutic strategies.

As with most squamous cell epithelial carcinomas, the initial therapy for
non-invasive cervical cancer is surgical resection [6]. This approach, however,
can fail to remove non-dysplastic tissue infected with HPV and thus has a high
potential for relapse [6] [7]. For women diagnosed with locally advanced disease,
radiation therapy with chemotherapy was found to be superior to radiation
therapy alone [8]. The current chemotherapy agents of choice are platinum
based compounds combined with another agent; examples include cisplatin,
with or without 5-fluorouracil (5-FU), or carboplatin combined with paclitaxel
[8] [9] [10] [11]. Some of the major drawbacks of current chemotherapy regi-
mens include dose-dependent side-effects due to non-specific targeting of all ra-
pidly dividing cells in the body as well the development of drug resistance.

One approach has been to study how the immune system is capable of
self-regulation and elimination of cancer while sparing adjacent healthy non-

cancerous cells. Tumor necrosis factor-related apoptosis-inducing ligand (TRA-

K2
035: Scientific Research Publishing

625



E. Romney et al.

IL), a small endogenous cytokine, has been shown to induce apoptosis selectively
in some cancer cells [12] [13] [14]. TRAIL is a membrane bound or soluble li-
gand that can trigger apoptosis through the binding and cross-linking of death
receptors (DR): DR4 and DR5 [15] [16]. Binding of these receptors results in the
activation of extrinsic pathways leading to caspase-dependent programmed cell
death [12] [15] [17] [18]. Despite promising preclinical studies, results from
clinical trials of recombinant TRAIL have remained inconclusive [19] [20] [21].
Further research to effectively utilize the chemotherapeutic potential of TRAIL is
of particular interest.

The SiHa cell line, a human grade II cervix squamous cell carcinoma, was pre-
viously found resistant to TRAIL [12]. Previous efforts to sensitize SiHa cells to
TRAIL have shown mixed results. Specifically, siRNA against HPV E6/E7 has
been shown to be ineffective and resulted in senescence rather than promoting
apoptosis, whereas proteasome inhibitors were somewhat effective [12] [17].
Recently, sanguinarine, a benzophenanthridine alkaloid derived from the root of
Sanguinaria Canadensis, has shown potential for sensitizing human gastric ade-
nocarcinoma (AGS) and human breast adenocarcinoma (MDA-231) to TRAIL
[22] [23]. As a botanical compound, sanguinarine is multifaceted with known
antimicrobial, anti-inflammatory, antioxidant and anti-oncogenic properties
[22] [24] [25]. Its ability to induce apoptosis in cancer cells, while leaving normal
cells relatively unaffected, is very promising [23] [25] [26]. In this study, we in-
vestigate the ability of sanguinarine to sensitize SiHa cells to TRAIL and the mo-

lecular pathways that are involved.

2. Materials and Methods
2.1. Cell Line and Cell Culture

The human grade II cervix squamous cell carcinoma cell line, SiHa, was pur-
chased from American Type Culture Collection (Manassas, VA). Cells were cul-
tured in DMEM supplemented with 10% FBS and 0.2% penicillin-streptomycin
(Cambrex Bio Science, Walkersville MD) in controlled conditions with a tem-
perature of 37°C, relative humidity of 95% and 5% CO,. Cultures were also sup-
plemented with 0.1% Normocin (Invivogen, San Diego, CA) to provide addi-
tional protection against possible mycoplasma and fungi contamination. All
drug treatments and experiments were performed on cells in the logarithmic

growth phase (a cell density of approximately 50% - 70% confluency).

2.2. Cell Treatments and Assessment of Cell Viability

SiHa cells in a tissue-culture flask were washed with PBS, harvested by trypsini-
zation, counted with a hemocytometer, and subsequently seeded on to a 96-well
plate at a density of 5000 cells per well. After 24 hours of seeding, cells were ex-
posed to varying concentrations of sanguinarine chloride (Tocris Bioscience,
Bristol, UK), human recombinant-TRAIL (EMD Millipore, Temecula, CA), or
combinations of the two drugs for different durations.

Cell viability was measured using the XTT Cell Proliferation Assay Kit (Tre-
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vigen, Gaithersburg, MD). Briefly, XTT solution was prepared containing 0.3
mg/mL XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5- car-
boxanilide) and 20 uL/mL XTT Activator (phenazine methosulfate) diluted in
DMEM. Cell culture media was then removed and replaced with the XTT solu-
tion and cells were incubated for 2 - 3 hours. Cell viability was quantified by the
extent of soluble orange formazan dye formation by measuring absorbance at a
wavelength of 490 nm and a reference of 650 nm on BioTek Synergy 2 colorime-
tric plate reader using Gen5 version 1.05 (BioTek, Winooski, VT). Statistical
analysis and ICs calculations were performed using GraphPad Prism software
(GraphPad Software, Inc., San Diego CA). Error bars represent 95% confidence
intervals (CI).

2.3. Time Course and Bright-Field Microscopy

SiHa cells—cultured in 96 well tissue culture plates—were treated with sangui-
narine, recombinant TRAIL, or a combination of the two and subjected to
bright-field microscopy (Olympus IX70 microscope, 40x magnification) prior to
performing XTT cell viability assays.

2.4. Caspase 3/7 Assay

SiHa cells were seeded onto a 96-well plate as described previously at a density of
5000 cells per well. After 24 hours of incubation, cells were treated with sangui-
narine (1.0 uM), TRAIL (250 ng/mL), or a combination of TRAIL-sanguinarine
and incubated for 24 hours. Induction of apoptosis was assessed by measuring
the activity of caspase-3/7 using the SonsoLyte Homogenous AMC Caspase-3/7
Assay Kit (AnaSpec, Fremont, CA). Caspase-3/7 substrate solution was added to
each well and incubated in the dark at room temperature for 1 hour with gentle
shaking. Active caspases 3/7 from apoptotic cells cleave the peptide substrate
Asp-Glu-ValAsp (DEVD) provided in the assay kit to release the fluorophore
Amino-4-methylcoumarin (AMC). Following incubation, fluorescence emitted
from the sample was measured at 440 nm post-excitation at 360 nm using a
BioTek Synergy 2 plate reader. Gen5 software (version 1.05) was used for data

acquisition and data analysis was performed with GraphPad Prism software.

2.5. Reactive Oxygen Species Assay

DCFDA Cellular Reactive Oxygen Species Detection Assay Kit (Abcam Cambridge,
MA) was used to quantify the levels of reactive oxygen species (ROS). Briefly, the
assay uses the fluorophore DCFDA (2°,7’-dichlorofluorescin diacetate), which
diffuses into cells and is deacetylated by cellular esterases into a non-fluorescent
compound. Upon exposure to reactive oxygen species such as superoxide and
hydroperoxyl radicals, DCFDA is oxidized into 2’,7’-dichlorofluorescein (DCF)
—a fluorescent compound. SiHa cells, cultured in 96 well plates, were incubated
with DCFDA for 45 minutes. After washing the wells with PBS, cells were
treated with either tert-butyl hydrogen peroxide (TBHP, as a positive control) or

varying concentrations of sanguinarine (1.5 to 0.75 pM) and incubated for 8
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hours. Fluorescence (excitation/emission of 485/540 nm) was measured using
the BioTek Synergy 2 and data analysis was performed using GraphPad Prism
software as described earlier.

2.6. Flow Cytometry Analysis of Death Receptor Expression

SiHa cells were plated onto 6-well plates at 100,000 cells per well. After one day,
cells were treated with 1 pM sanguinarine for either 6 or 12 hours. Following
treatment, cells were harvested using Cell Stripper (VWR, Westchester, PA), a
non-enzymatic cell dissociation reagent. Cells floating in the media before harv-
est and those that lifted off during washes with PBS were pooled with the har-
vested cells. The cells were first blocked with 1% BSA in PBS and stained with
either phycoerythrin labeled anti-DR4 (R&D Systems, Minneapolis, MN) or an-
ti-DR5 (Abcam, Cambridge, MA). Stained cells were analyzed for cell surface
fluorescence using the FACSCaliber flow cytometry instrument (Becton-Dic-
kinson, Franklin Lakes, NJ).

3. Results and Discussion

Cervical cancer is primarily caused by the human papilloma virus (HPV), which
transforms normal cervical cells into cancerous cells that are highly resistant to
radiation and chemotherapy. Induction of apoptosis in the transformed cells is a
key strategy in successfully treating HPV-induced cervical cancer. TRAIL,
through the binding and activation of death receptors DR4 and DR5, has pre-
viously shown promise for the targeted induction of apoptotic pathways in can-
cer cells [12] [15] [17] [18] [27] [28] [29]. However, certain cancer cells such as
the HPV16 infected cervical cancer SiHa cell line are not responsive to
TRAIL-mediated induction of apoptosis [12] [17]. Since sanguinarine has prov-
en to be effective in sensitizing human gastric adenocarcinoma (AGS) and hu-
man breast adenocarcinoma (MDA-231) to TRAIL [22] [23], we investigated the
efficacy of a TRAIL-sanguinarine treatment combination for its ability to show
similar effects on cancers caused by HPV infection using the SiHa cell line

Changes in the viability of SiHa cells following exposure to sanguinarine or
TRAIL exposure were assessed by a dose response study (Figure 1). Sanguina-
rine was found to have an ICs of approximately 1.75 puM with a fairly narrow
partially-therapeutic range (Figure 1(a)). When exposed to TRAIL in a range of
concentrations (100 to 250 ng/mL) that typically induce cell death in several
other cancer cells [16], SiHa cells showed no significant changes in cell viability
as compared to untreated cells (Figure 1(b))—a finding consistent with previous
observations [12] [17] [18] [24] [26] [27].

SiHa cells were next treated with a combination of sanguinarine and TRAIL
(Figure 2). A sub-lethal dose of 1.0 uM sanguinarine—a concentration lower
than the ICs;—was used in combination with TRAIL (100 or 250 ng/mL). As
compared to SiHa cells treated with either sanguinarine or TRAIL alone, com-
bination treatments showed a significant decrease in cell viability (Figure 2).

Furthermore, the decrease in cell viability in the combination treatments was
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Figure 1. Concentration-response curves for SiHa cells treated with sanguinarine or TRAIL. (a) Effect of

sanguinarine at concentrations ranging from 0.001 uM to 100 uM on the viability of SiHa cells. The ICso
was calculated to be 1.75 + 0.12 pM; (b) Effect of TRAIL at concentrations ranging from 100 to 250 ng/mL
on the viability of SiHa cells. The ICso could not be estimated since no significant changes in cell viability

were observed as compared to untreated cells. Data shown is representative of triplicate experiments for
both (a) and (b). Error bars denote 95% CI.
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Figure 2. Viability of SiHa cells following 24-hour treatment with either TRAIL, sangui-
narine (Sang), or a combination of the two as shown in the table for the X-axis. Y-axis in-
dicates absorbance data normalized to untreated cells from XTT cell viability assays. Er-
ror bars indicate standard deviation (N = 4).

dependent on the dose of TRAIL; marginally lower cell viability was observed
with 250 ng/ml of TRAIL as compared to 100 ng/ml (Figure 2). These observa-
tions suggest that sanguinarine can indeed sensitize SiHa cells to TRAIL leading
to a significant reduction in cell viability.

A time course experiment was next performed with the sanguinarine and
TRAIL combination treatment of SiHa cells. As compared to SiHa cells treated
with either sanguinarine or TRAIL alone, combination treatments showed a sig-
nificant decrease in cell viability after 6 hours of treatment (Figure 3(a)). At 12
hours post-treatment, cell viability—as determined by XTT assays—decreased
by 75%. Morphological changes in cells were also tracked by bright-field micro-
scopy during the time course treatments. While SiHa cells treated with either
sanguinarine or TRAIL alone did not appear significantly different in from un-
treated cells (Figure 3(b)), cells exposed to the combination treatment exhibited
distinct morphological changes. Starting from about 6 hours post-treatment,
cells appear rounded with marked blebbing. These features suggest the likelih-
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ood of an induction of apoptosis resulting from the TRAIL-sanguinarine com-
bination treatments (Figure 3(c)).

Activation of the caspase cascade is a distinct feature of the induction of
apoptosis. To confirm cell-death from apoptosis following TRAIL-sanguinarine

treatment, the enzymatic activities of caspase-3 and caspase-7 were analyzed.
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Figure 3. (a) Time course changes in the viability of SiHa cells treated with either TRAIL (250 ng/Ml),
sanguinarine (1.0 uM), or combination of the two. Y-axis indicates XTT cell viability assay absorbance data
normalized to untreated cells. Error bars represent 95% confidence intervals (N = 4); (b) Bright-field mi-

croscopy image of untreated SiHa cells; (c) Representative images from bright-field microscopy show
changes in SiHa cell morphology following treatment with either TRAIL (250 ng/Ml), sanguinarine (1.0
uM), or combination of the two.
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Figure 4. Activation of caspase 3/7. SiHa culture cells were treated with either TRAIL
(250 ng/mL), sanguinarine (1.0 uM), or a combination (TRAIL with sanguinarine) of the
two for 24 hours. Enzymatic activities of caspase 3 and 7 were measured using a fluoro-
genic substrate. Numbers on the Y-axis indicate normalized fluorescence values for the
treated SiHa cells. Error bars represent standard deviation (N = 5).

Cells treated with TRAIL or sanguinarine alone showed only a marginal increase
in the activity of caspases 3 and 7 (Figure 4). However, SiHa cells that were
treated with the combination of TRAIL-sanguinarine showed a significant in-
crease in caspase 3/7 activities (Figure 4). These results clearly show that TRAIL
and sanguinarine act synergistically to induce a caspase cascade leading to cell
death in SiHa cells by apoptosis.

We next designed experiments to understand the molecular mechanism of
sanguinarine-mediated sensitization of SiHA cells to TRAIL. Previous work
suggests that sanguinarine treatment can induce oxidative stress and lead to the
upregulation of TRAIL receptors [24] [25] [26]. To investigate this phenome-
non, we treated SiHa cells with sanguinarine and analyzed the production of
reactive oxygen species. A substantial increase in reactive oxygen species was
observed in SiHa cells treated with a range of sanguinarine concentrations from
0.75 to 1.5 uM. The level of oxidative stress was comparable to treatments with
tert-butyl hydrogen peroxide (TBHP)—a known oxidizer that was used as a pos-
itive control for these experiments. Although oxidative stress was clearly ob-
served in all experiments following treatments with sub-lethal doses of sanguina-
rine, it is important to note that the extent of oxidative stress observed in SiHa
cells showed considerable variations from one experiment to the other. Data pre-
sented in the graph on Figure 5(a) is representative of one set of experiments.

Along with the induction of oxidative stress, sanguinarine is known to cause
the upregulation of receptors for TRAIL, in particular DR5 [24]. TRAIL is
known to interact with four receptors: DcR1, DcR2, DR4 and DR5. The recep-
tors DcR1 and DcR2 act as “decoy receptors” that do not trigger apoptosis fol-
lowing TRAIL binding. DR4 and DR5 act as “functional death receptors” that
become active when TRAIL binds to and initiates trimerization of the receptors,
activating apoptotic pathways [15] [16] [30] [31] [32]. For this reason, cell sur-
face expression of DR4 and DR5 is important for TRAIL-mediated apoptosis.
We performed flow cytometry in an attempt to assess changes of DR4 and DR5
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Figure 5. Oxidative stress and expression of death receptors following sanguinarine treatment. (a) SiHa cells were treated with

sub-lethal doses of sanguinarine and the production of reactive oxygen species was quantified. Numbers on the Y-axis indicate

relative fluorescence units and corresponds to the level of reactive oxygen species. Tertbutyl hydrogen peroxide (TBHP) was used

as a positive control to induce oxidative stress. All experiments were carried out in triplicates and error bars represent standard

deviation of the mean; (b) Flow cytometry analysis of death receptor DR4 expression on the surface of SiHa cells following treat-

ment with 1 pM sanguinarine; (c) Flow cytometry analysis of death receptor DR5 expression on the surface of SiHa cells following

treatment with 1 uM sanguinarine.

exposure of SiHa cells to sanguinarine at different time points (Figure 5(b) and
Figure 5(c)). Interestingly, changes in the cell-surface expression of DR4 and
DR5 appeared to be highly variable from one experiment to the other. While
higher death receptor expression was observed in most experiments, the quan-
titative changes observed were not reproducible. Based on previous studies, we
speculate that DR4 and DR5 upregulation is most likely to be mediated by oxid-
ative stress resulting from sanguinarine exposure [24]. Hence the lack of repro-
ducibility with the extent of DR4 and DR5 upregulation may be linked to the
inconsistent increases in the increased levels of reactive oxygen species following
sanguinarine treatment of SiHa cells. However, observations presented here
from two separate experiments clearly indicate the potential of sanguinarine to
upregulate these two death receptors in SiHa cells (Figure 5(b) and Figure
5(c)). An increase in the expression of death receptors then allows TRAIL to

bind to SiHa cells and induce cell death by triggering apoptosis pathways.

4. Conclusion

Results from this study suggest that sanguinarine can sensitize cervical cancer
SiHa cells to TRAIL leading to cell death by apoptosis. Although preliminary,
our data indicate that oxidative stress leading to the upregulation of death re-
ceptors DR4 and DR5 seems to play a central role in this synergy between san-
guinarine and TRAIL. While the molecular pathways linking reactive oxygen
species and the possible upregulation of death receptors needs further investiga-
tion—both in cell culture as well as animal models—the observed synergistic ef-
fect of sanguinarine and TRAIL on SiHa cells is promising for the treatment of

cervical, and possibly other, HPV-induced cancers.
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